The current classification of Pristocera does not have taxonomic or cladistic support, which results in mistakes during the allocation of its species, especially within the genera Dicrogenium, Kathepyris, Neodicrogenium and Diepyris. This study aimed to verify the monophyly and to present a cladistic hypothesis for the genus. The analyses were based on 147 characters of 50 terminal taxa. Parsimony analyses under both equal and implied weightings were performed. All cladograms obtained by the implied weighting recovered Pristocera and all four related genera as polyphyletic. A monophyletic group with Pristocera and the other genera of the inner group was formed. This group was supported by 13 synapomorphies, with one of them exclusive, as follows: the presence of a hypopygium that was divided into two parts. Based on our results, the following new genus-group synonyms were established: Dicrogenium, Kathepyris, Neodicrogenium and Diepyris syn.n. for Pristocera, and their 39 species were combined with the latter. The following new names are proposed to avoid homonyms: Pristocera zata nom.n. for Dicrogenium bequaerti Benoit, Pristocera zela nom.n. for Kathepyris katangensis Benoit, Pristocera zintica nom.n. for Kathepyris uelensis Benoit, Pristocera zonta nom.n. for Neodicrogenium bequaerti Benoit and Pristocera zuncra nom.n. for Neodicrogenium tuberculatum (Turner). Therefore, Pristocera now comprises 124 species from the Old World.
Introduction
Pristocera Klug is a genus of Pristocerinae with 85 valid species distributed in the Afrotropical, Palaearctic and Oriental regions. The current definition of Pristocera does not have taxonomical or cladistic support, which generates doubts in the allocation of its species, especially for some endemic genera from the Afrotropical region that have overlapping traits such as Dicrogenium Stadelmann, Kathepyris Kieffer, Neodicrogenium Benoit and Diepyris Benoit. Turner (1915) suggested, without cladistic basis, that the African genera Kathepyris, Nomineia Kieffer and Mangesia Kieffer were closely related to Pristocera. Moreover, he stated that these four genera should be grouped into a single taxon until there was more information available about the females. Later, Benoit (1963) considered Nomineia to be synonymous with Dicrogenium. Most Mangesia species were transferred to Pristocera, and the rest were transferred to the genus Neodicrogenium Benoit.
When defining Dicrogenium, Stadelmann (1894) affirmed that this genus was a close relative of Pristocera and used a species that was identified until then as Pristocera as the type species. Currently, Dicrogenium and Neodicrogenium share the presence of a spine in the gena and are mainly differentiated by the mandible, which is sickle-shaped in Dicrogenium and triangular in Neodicrogenium (Terayama 1996) .
The genera Pristocera and Kathepyris are differentiated only by the degree of extension and conspicuity of the M and Cu1 veins of the forewings, which reach the apical margin of the wing in Kathepyris but do not in Pristocera (Terayama 1996) . It is important to consider that, in the description of the Kathepyris genus, Benoit (1982) cited that the genitalia were similar to those of Pristocera, reaffirming a possible similarity between the two genera.
Diepyris Benoit has a bidentate mandible, unlike Pristocera and Kathepyris, which have mandibles with three to five apical teeth (Terayama 1996) . Benoit (1957) inferred that Diepyris was near Kathepyris, distinguishing it by the mandible and by the number of teeth; however, he stated that the hypopygium and genitalia were identical to those of Kathepyris. Terayama & Yamane (1998) noted that Pristocera, Kathepyris, Dicrogenium, Neodicrogenium and Diepyris would be the most closely related genera among the Pristocerinae, which is supported by the presence of a hypopygium that is divided into two parts.
The cited genera were always reported in the literature as being linked to Pristocera and were made synonymous with this genus many times, but the studies never questioned the relevance of the characters that separated them and also did not have a cladistic basis. Based on the questions raised, the objective of the present study was to test the monophyly of Pristocera Klug and, thus, to present a cladistic hypothesis for this genus.
The present study has a significant importance for Bethylidae systematics because it contributes to the elucidation of the cladistic relationships of some Pristocerinae genera, allowing for the taxa to be well organized and defined, which reduces conflicts related to the identification of the species.
Materials and Methods

List of collections and acronyms
The material used in the present study belong to the following collections: BMNH, The Natural History Museum, London, UK (David Notton); CASC, California Academy of Sciences, San Francisco, CA, USA (Robert Zuparko); MCSN, Museo Civico di Storia Naturale Giacomo Doria, Genoa, Italy (Robert Poggi); MNHN, Muséum National d' Histoire Naturelle, Paris, France (Claire Villemant) MRAC, Musée Royal de l' Afrique Centrale, Tervuren, Belgium (Eliane De Coninck); RMNH, Rijksmuseum van Natuurlijke Histoire, Leiden, The Netherlands (Cees van Achterberg); QSBG, Queen Sirikit Botanical Garden, Chiang Mai, Thailand (Wichai Srisuka); UFES, Universidade Federal do Espirito Santo, Vitoria, Brazil (Marcelo Tavares); ZMHB, Museum für Naturkunde, Berlin, Germany (Frank Koch).
Measurements and terms
The following indices were used: ratio of width/length of the head, greater width and length in the dorsal view; relative length of the mandible, ratio of the greatest length of the mandible to the width of the head in the dorsal view; relative width of the mandible apex, ratio of the greatest width from the apex to the greatest width of the base in the frontal view; relative width of the medium lobe of the clypeus, ratio of the greatest width to the greater length in the dorsal view; relative length of flagellomere II in relation to flagellomere I, greater length of flagellomeres I and II; relative length of last flagellomere in relation to the penultimate flagellomere, greater possible length of the last and penultimate flagellomeres; relative width of the medium elevation of the metanotum, greatest possible width in relation to the greatest width of the anterior fovea of the metanotum in the dorsal view; relative length of the RS1 vein of the forewing, greater length of this vein in relation to the length of the apical margin of the wing; relative length of the m1-cu vein of the forewing, greater length of the ribbing with regard to the anterior portion of the RS1 vein; relative length of the costal cell (C) of the forewing, greater length of this vein with regard to the origin of the RS1 vein; relative length of the median stalk of the hypopygium, greater length of this stalk in relation to the greater length of the hypopygium, excluding the stalk.
The adopted terms followed those from Evans (1963 Evans ( , 1964 , Benoit (1963) , Azevedo (1999) and Gobbi & Azevedo (2010) . The terms referring to the wing venation followed Comstock & Needham (1898 -1899 , and those terms attributed to this type of venation followed Mason (1986) . The terms referring to the sculpturing of the integument followed Harris (1979) . Benoit (1963) used the word temple to designate the region of the head where the spine is located on Dicrogenium and Neodicrogenium; however, Terayama (1996) referred to this region as the gena. In the present study, this region was considered to be the gena, in accordance with Gauld & Bolton (1988) , who defined this area as the area between the genal carina and the compound eyes. Evans (1963) stated that the aedeagus of Acrepyris Kieffer was composed of three sets of valves, as follows: the ventral, the middle and the dorsal. In the present study, the presence of two sets of valves was found in the Pristocera and Kathepyris species. The terms referring to this structure are illustrated in Figs 1 and 2. Benoit (1963) described the presence of a bulging structure on the dorsal corner of the paramere of some Pristocera species. He called this structure, which protrudes towards the internal region of the genitalia, a finger-like appendix. The terms referring to the appendix and the other paramere regions are illustrated in Fig. 3 .
The parts of the hypopygium that were interpreted and named in the analyzed taxa need to be clarified, as follows:
• Basal region of the hypopygium represents the portion of the hypopygium that does not protrude out of the animal's metasoma (Fig. 4a ); • Apical region of the hypopygium represents the portion of the hypopygium that protrudes outside of the metasoma and can often be observed externally (Fig. 4b) ; • Basal margin of the hypopygium represents the lateral portion of the hypopygium, which is located in the basal region (Fig. 4c) ; • Outer margin of the hypopygium represents the ventral portion of the hypopygium, which is located in the apical region (Fig. 4d) ; • Inner margin of the hypopygium represents the dorsal portion of the hypopygium, which is located in the apical region (Fig. 4e) . 
Selection of taxa
Fifty terminal taxa from several zoogeographic regions were analyzed at the species level. Only male specimens were used in the analysis because there were no females described for the majority of the genera that comprise the ingroup. Taxa without a specific epithet correspond to a not-yet-described species. The ingroup was composed of 35 species (Table 1) , and 15 species are representative of the outgroup (Table 2) . (Turner, 1915) 1 ♂ Malawi UFES N. spina Benoit, 1957 1 To test the monophyly of Pristocera, species of the related Pristocerinae genera were selected to comprise the ingroup, as stated by Terayama & Yamane (1998) . Thus, 14 of the 85 described species of Pristocera, the four described species and two undescribed species of Kathepyris, seven of the 23 described Dicrogenium species, four of the six described Neodicrogenium species, and four of the six described Diepyris species were analyzed. These species cover the structural characters and varying states of the taxa. Furthermore, all of the type species were studied, and the authors preferred to analyze the holotypes. The outgroup was composed of species from other genera of Pristocerinae, such as Apenesia Westwood, Acrepyris Kieffer, Caloapenesia Terayama, Dissomphalus Ashmead, Foenobethylus Kieffer, Pseudisobrachium Kieffer and Prosapenesia Kieffer, and from other subfamilies of Bethylidae, primarily including those considered to be the plesiotypic groups of Pristocerinae. Thus, in accordance with the family cladograms (see Sorg 1988 and Carpenter 1999) , Bethylinae corresponded to one of these subfamilies, and the two representative species used were Goniozus sp. and Lytopsenella testaceicornis Kieffer.
Preparation of the material and illustrations
The samples were visualized and measured with a Leica M80 stereoscopic microscope. The genitalia preparation consisted of extraction, diaphanization with 10% potassium hydroxide (KOH) and storage in insect genitalia microtubes containing glycerin. The main characters were photographed with the EntoVision® focus extended system (Yatumatsu, 1955) 1 ♂ Japan UFES Pseudisobrachium flaviventre Ogloblin, 1925 1 ♂ USA UFES Apenesia distincta Corrêa & Azevedo, 2001 2 ♂ Brazil UFES A. elongata Evans, 1963 2 ♂ Brazil UFES Dissomphalus amplifoveatus** Rediguieri & Azevedo, 2006 1 ♂ Brazil UFES Foenobethylus gracilis Kieffer, 1913 1 ♂ Thailand QSBG Caloapenesia sp.
1 ♂ Vietnam RMNH 1 ♂ Thailand QSBG Prosapenesia bilobata** Benoit, 1981 1 ♂ South Africa MRAC P. lacteipennis Kieffer, 1910 2 ♂ South Africa MRAC Apenesia triloba* , ** (Benoit, 1957) 2 ♂ Rep. Dem. Congo MRAC A. acuta* , ** (Benoit, 1957) 2 ♂ Rep. Dem. Congo MRAC A. minor* (Kieffer, 1913) 1 ♂ Philippines MNHN Bethylinae Lytopsenella testaceicornis (Kieffer, 1910) 1 ♂ Chile UFES Goniozus sp.
1 ♂ Madagascar CASC * holotype; ** paratypes; boldface, type species.
(GTVision, Hagerstown, Maryland), combined with the Helicon Focus® v5.2.16 program and later edited with Adobe Photoshop® v7.0.1. For this work, equipments from UFES and the MRAC were used. All of the photograph scales represent 300 μm. The micrographed genitalia were previously diaphanized with KOH, cleaned with acetate and later re-covered with gold particles. The JEOL JSM-6610 LV scanning electron microscope that was used belongs to UFES. All of the micrograph scales represent 200 μm.
Character coding
The characters were defined, and their states were compared and measured through direct observation of the sample structures. Only Dicrogenium rosmarum was coded entirely by photographs. Some of the characters used were already described by Azevedo (2004) , Azevedo & Alencar (2009 ), Gobbi & Azevedo (2010 , Benoit (1963 Benoit ( , 1982 , Evans (1964) and Terayama (1996) . However, most of the characters were novel.
The character matrix was prepared in the DELTA editor program from Dallwitz (1980) and Dallwitz et al. (1999) , and subsequently converted into a hendata archive in the same program for transformation into an accessible format for the cladistic analysis programs. All of the characters were treated as unordered and unpolarized, including the multiple states. The incomparable characters were represented with '?' (Tables 3-7) .
Cladistic analyses
Cladistic analyses were performed with the TNT v1.1 program from Goloboff et al. (2003) . Heuristic searches were performed in the 'New Technology Search' mode, with the following four algorithms: (1) Sectorial Search, which conserved the standard configuration; (2) Ratchet, with 10 000 iterations for each search; (3) Drift, with 50 cycles; and (4) Tree Fusing, which also conserved the standard configuration. The TBR algorithm (Tree Bisection and Reconnection) was used to collapse the branches. Parsimony analyses were completed under equal weighting and implied weighting, with K values ranging from 1 to 6 and no decimal places.
The trees were rooted by the outgroup comparison method. The TNT program accepted only one taxon as the outgroup for the analysis, and Lytopsenella testaceicornis was chosen for all of the searches, as explained in the selection of taxa section.
In all of the analyses, Accelerated Transformation (ACCTRAN) optimization was adopted to resolve the ambiguous characters.
Viewing and editing of the trees that resulted from the analyses were carried out with WinClada v1.00.08 from Nixon (2000) . Moreover, the consensus cladograms generated from the equally parsimonious trees were generated with the same program.
The uninformative characters, which are autapomorphies in the present study, were analyzed and coded. These characters should not be used to compare the indices because they may inflate them; therefore, the analyses were performed with and without the autapomorphies. the head width (Fig. 5) ; (1) very long, when mandible length is equal to or more than 0.7x the head width (Fig. 6 ). 5. Relative width of the mandible apex: (0) wider than the base (Fig. 8); (1) as wide as the base (Fig. 7) . 6. Number of teeth on the apical margin of mandible: (0) two; (1) three; (2) four; (3) five.
Remarks: The number of teeth of the Pristocera mandible may vary from three to five, however, in the analysis were only included species that had four and five teeth. In Kathepyris, the gender description indicated that the amount of teeth may also vary from three to five, though no species with four teeth were described until that moment. In Diepyris and Dicrogenium, the number of teeth is a character used to define and differentiate them from other genera that have the hypopygium divided, and both genera have two mandibular teeth. Neodicrogenium, the amount of mandibular teeth may vary from four to five and the species selected in this study include both forms. (1) indistinct. 12. Relative width of the clypeal median lobe: (0) wider than long; (1) longer than wide; (2) as wide as long. 13. Shape of clypeal median lobe: (0) rounded; (1) subtrapezoidal. 14. Projection of clypeal median lobe: (0) lateral and median lobe equally projected (Fig. 6) ; (1) lateral lobe less projected than median lobe (Fig. 9) ; (2) lateral lobe more projected than median lobe (Fig. 10) . 15. Differentiation between the clypeal lobes: (0) lateral lobe and median lobe clearly distinguishable from each other; (1) lateral and median lobe indistinguishable. Remarks: The differentiation can be related to fusion; when the lobes are indistinguishable, they can be fused, forming a single lobe. The distinction between the lobes is defined by a suture. (2) shorter. 27. Relative length of the last and pre-apical flagellomere: (0) longer than penultimate flagellomere; (1) as long as penultimate flagellomere. 28. Projection of the front: (0) angularly projected forward (Fig. 11) ; (1) not projected forward (Fig. 12) .
Remarks: in the Bethylinae genera observed, the triangular projection is very distinctive, while in the Pristocerinae genera, the front has an abrupt shape. (Fig. 14) ;
(1) absent (Fig. 13) . 38. Shape of the postgenal carina, ventral view: (0) rounded; (1) caliciform;
(2) trapezoidal. 39. Presence of a spine on the gena, lateral view: (0) present (Fig. 15) ; (1) (Fig. 18) ; (1) not prominent (Fig. 19) . 43. Projection of the pronotal collar, lateral view: (0) projected laterally over the propleuron (Fig. 16) ; not projected (Fig. 17) . 44. Texture of the pronotal collar: (0) very striated; (1) not striated. 45. Prominence of the pronotal declivity, lateral view: (0) prominent (Fig. 16); (1) not prominent (Fig. 17) . 46. Presence of a carina on the anterior margin of the pronotal disc, lateral view:
(0) present (Fig. 16) ; (1) absent (Fig. 17) . 47. Presence of a transversal carina on the median region of the pronotal disc, dorsal view: (0) present (Fig. 23) ; (1) absent (Fig. 19 ). 48. Presence of a transversal groove on the pronotal disc, close to the posterior margin, dorsal view: (0) present (Fig. 20) ; (1) absent (Fig. 19) . 49. Elevation of the junction region of the propleuron, lateral view: (0) very evident and narrows to the prosternum (Fig. 24) ; (1) evident and narrows to the prosternum (Fig. 25) ; (2) not evident (Fig. 26) . 50. Shape of the prosternum, ventral view: (0) diamond shaped (Figs 24, 25, 26) ;
(1) triangular (Fig. 28) ; (2) rounded (Fig. 27 ). 51. Elevation of the lateral portion of the mesoscutum: (0) distinctly high; (1) as high as median portion of mesoscutum. 52. Presence of notaulus: (0) absent; (1) present. 53. Distinctiveness of notaulus: (0) distinctive; (1) indistinctive.
Remarks: the indistinctiveness of the notaulus may be due to the amount of punctures on mesoscutum, which makes the structure difficult to visualize. Remarks: the indistinctiveness of the parapsidal furrow may be due to the amount of punctures on mesoscutum, which makes the structure hard to visualize. (Fig. 32) ; (1) nebulous (Fig.31) . 89. Extension of vein M: (0) almost extended till the apical margin of the wing (Fig. 31) ; (1) not extended till the apical margin of the wing (Fig. 32) .
Remarks: the extension of that vein, according to Kieffer (1908) and as reaffirmed by Terayama (1996) , corresponds to one of the diagnostic features of Kathepyris and differentiates it from Pristocera. Remarks: the extension of that vein, according to Kieffer (1908) and as reaffirmed by Terayama (1996) , corresponds to one of the diagnostic features of Kathepyris and differentiates it from Pristocera. (Fig. 31) ; (1) short, when its length is half or less than the distance of that vein till vein RS1 (Fig. 32) . 97. Presence of the stigma: (0) present (Fig. 31) ; (1) absent (Fig. 32). [non informative] 98. Presence of the first medial cell (1M): (0) absent; (1) present. 99. Relative length of the costal cell (C): (0) long, when the length of the costal cell exceeds the origin of vein RS1 (Fig. 32) ; (1) short, when the costal cell does not exceeds that origin, and its length is limited to the stigma; (Fig. 31). [non informative] 100. Presence of the second cubital cell (2Cu): (0) absent; (1) present. 101. Shape of the second cubital cell (2Cu): (0) open (Fig. 32) ; (1) closed (Fig. 31) .
Presence of vein
Metasoma
102. Presence of a tergal process on tergite II: (0) present; (1) absent. [non formative] 103. Division of the hypopygium: (0) divided into two separate plates (Fig. 33) ;
(1) not divided, forming a single plate (Fig. 34) .
Remarks: A divided hypopygium is present in the genera Pristocera, Kathepyris, Dicrogenium, Neodicrogenium and Diepyris, which corresponds to the ingroup of the present study. Benoit (1963 Benoit ( , 1982 stated that this sternite was entirely divided by a median incision, and posteriorly concluded that it was divided in two independent lobes, linked by a narrow chitinous base. Herein, it was observed that this junction zone of the two plates is conspicuous and sclerotinized. Therefore, it is likely to be the median stalk of the hypopygium, since this structure is present on the median region of all hypopygia in Bethylidae. However, as the hypopygium is divided in the five above mentioned genera this stalk is restricted to the base, and connects the two plates, what makes it usually short.
104. Sclerotization of the median region of the hypopygium, when in single plate: (0) less sclerotinized than the remaining parts (Fig. 35) ; (1) as sclerotinized as the remaining parts (Fig. 34) .
Remarks: the state (0) 106. Relative length of the median stalk of the hypopygium: (0) short, when the length of that stalk is smaller than half of the total length of the hypopygium (Fig. 34) ; (1) long, when the length of that stalk is greater or equal to half of the total length of the hypopygium (Figs 37 and 38 ). Remarks: the lateral stalk corresponds to a portion localized on the margins of the hypopygium, projected dorsad. The state 'absent' is found in every species that have a divided hypopygium.
108. Shape of the lateral stalk of the hypopygium: (0) truncate (Fig. 37) ; (1) sharp (Fig. 38) . 109. Direction of the inner margin of the hypopygium: (0) parallel (Fig. 39); (1) convergent (Fig. 33) ; (2) divergent (Fig. 40) .
Remarks: such character is only present in the species that have a divided hypopygium.
110. Concavity of the basal margin of the hypopygium: (0) slightly concave (Fig. 33) ; (1) Remarks: Gobbi & Azevedo (2010) refer to that inner projection in Pseudisobrachium as a median process and analyzed other characteristics of that structure as width, height, shape and type. Because in this study only the projection of the triangular shape was observed, the authors decided to only verify absence and presence. That structure is also present in Apenesia minor Kieffer. As both are membranous and present in the same shape and position, they probably are homologous structures.
116. General shape of the genitalia: (0) quadrate; (1) diamond-shaped. [non informative] 117. Shape of the paramere: (0) completely wide; (1) completely narrow; (2) narrow and very apically extended; (3) narrow and slightly apically extended. 118. Shape of the apical margin of the paramere: (0) wide (Fig. 41) ; (1) narrow (Fig. 42) . 119. Number of lobes on the dorsal corner of the paramere: (0) one (Fig. 41) ; (1) two (Fig. 42) .
Remarks: the state 'two' was found more often in species that had a narrow apical margin of the paramere.
120. Shape of the lobes on the dorsal corner of the paramere: (0) similar; (1) (Fig. 41) .
Remarks: the elevation on the ventral corner never has proportions like the dorsal corner.
123. Relative length of the elevation on the ventral corner of the paramere: (0) similar to the remaining part of the paramere (Fig. 43) ; (1) bigger than the remaining part of paramere (Fig. 44) . [non informative] 124. Shape of the inner margin of the paramere: (0) concave; (1) straight; (2) sinuous; (3) sharp. 125. Number of parameres: (0) one; (1) two.
Remarks: the state 'two' refers to the presence of two branches that part independently from the lower portion of the genitalia (basiparamere). Although it is a diagnostic feature of Pseudisobrachium, it was also observed in the analyzed species Caloapenesia, Goniozus and Lytopsenella. Remarks: Gobbi & Azevedo (2010) sharp out that in the majority of the species of Pseudisobrachium that insertion is lateral. In the present study, it was noticed that in Caloapenesia that insertion is dorsal.
127. Sclerotization of the dorsal branch of the paramere: (0) more membranous than the ventral branch; (1) as sclerotized as the ventral branch. [non informative] 128. Division of the paramere: (0) bifid (Fig. 47) ; (1) not bifid (Fig. 46) .
Remarks: the state 'bifid' refers to the paramere divided in two parts, but not completely divided, because the origin of this division does not affect the delimitation between the paramere and the basiparamere.
129. Length of the setae on the paramere: (0) short; (1) long. 130. Presence of a concavity on the paramere: (0) absent (Fig. 41) ; (1) 131. Position of the genital ring, dorsal view: (0) inclined in relation to the base of the genitalia; (1) in the same direction as the base of the genitalia. 132. Thickness of the genital ring: (0) ventrally thicker than dorsally (Fig. 44) ; (1) as ventrally thick as dorsally (Fig. 47) . (Fig. 46) ; (1) (Fig. 2) ; (2) divided in three valves (Fig. 1) .
Remarks: the term 'division' was used due to the observation of a delimitation that separates those valves, best seen in lateral view. The state 'divided between two valves' is present in some species of Pristocera and Kathepyris and the state 'divided in three valves' is present only in Acrepyris. Since the valves of Acrepyris, Pristocera and Kathepyris are in the same position and posses the same constitution, it is likely that those are homologous structures.
142. Relative length of the valves of the aedeagus: (0) short, when the apex of the ventral valve is distant from the apical lobe; (1) long, when the apex of the ventral valve is close to the apical lobe. 143. Presence of threads on the aedeagus: (0) with threads projected to the dorsal portion; (1) no threads. 144. Presence of excavation of the median portion of aedeagus, ventral view: (0) present (Fig. 44) ; (1) absent (Fig. 47) .
Remarks: that excavation on the median portion is connected to the apodeme.
145. Alignment of the aedeagus apex in relation to the paramere apex: (0) not reaching the paramere apex; (1) aligned. 146. Delimitation of the apical lobe of the aedeagus in relation to the dorsal valve:
(0) distinctive (1) indistinct. 147. Shape of the apical lobe of the aedeagus, lateral view: (0) simple; (1) complex.
Remarks: the state 'complex' refers to the apical lobe being too projected forward, with concave margins, wide or narrow and with the apex differentiated from the remaining of the apical lobe. The state 'simple' refers to the absence of those conditions.
Results
The equal weighting analysis recovered four equally parsimonious cladograms, and the strict consensus cladogram collapsed 28 nodes (Fig. 49) , with a total number of 908 steps, a consistency index of 0.18 and a retention index of 0.35. In the analyses without the uninformative characters, the number of steps was 848, the consistency index was 0.18 and the retention index was 0.39. In addition to the polytomy formed in these cladograms, there was also the presence of clade A, which was composed of species identified as being from the outgroup (Table 7) , but which was inserted together with the selected species as the ingroup of the study. The species from clade A also belong to Pristocerinae, the same subfamily of species that comprise the ingroup. The species of another subfamily remained plesiotypic in the cladogram, similar to the case of Lytopsenella testaceicornis and Goniozus sp., which were both representatives of Bethylinae.
The analysis under implied weighting resulted in only one more-parsimonious cladogram for each value of K evaluated. The number of steps, the consistency index, the retention index and the Fit values of each cladogram in which the autapomorphies were maintained are shown in Table 8 . The number of steps, consistency and retention indices and the Fit values of each cladogram in which the autapomorphies were not maintained are shown in Table 9 .
The implied weighting cladograms with values of K = 1 and K = 2 resulted in similar topologies, in addition to possessing the same number of steps, consistency index and retention index (Table 8 ). The cladogram with a strict consensus collapsed three nodes (Figs 50 and 52) . The implied weighting cladograms with values of K = 3 and K = 4 were equal, with the same number of steps and consistency and retention indices, as well as the cladograms K = 5 and K = 6 (Table 8 ). The topologies of K = 3-4 were almost identical to K = 5-6. The cladogram with a strict consensus collapsed two nodes (Fig. 51) .
Polyphyly of Pristocera
Although they differed slightly, all of the topologies obtained by implied weighting recovered Pristocera as polyphyletic because the analyzed species exhibited a diffuse distribution in the cladogram in relation to the species of all the other genera of the ingroup, which were Dicrogenium, Diepyris, Kathepyris and Neodicrogenium.
Even though the main objective of the present study was to establish the relationship of Pristocera cladistically, it is important to consider its relationship with these genera based on the history of taxonomical uncertainties. Thus, the following groupings were observed for the K = 1-2 values (Figs 50 and 52): the clade formed by (Kathepyris sp. 1 + Kathepyris sp. 6) was a sister group of Pristocera formosana Miwa & Sonan, which previously cited the two species identified as Kathepyris (senso Klug); however, there were doubts about its allocation in this genus due to its strict relationship with Pristocera. Thus, even though these two species were identified as Kathepyris, they were grouped with Pristocera formosana after the cladistic analysis, which was supported by the following combination of characters: upper tooth not turned inward the mouth (7:1); relative length of last flagellomere as long as the penultimate (27:1); texture of the inner region of the smooth notaulus (54:1); anterior fovea of the rectangular metanotum (66:1); heart-shaped pleurosternal groove (76:0); the inner region of the smooth pleurosternal groove (77:0); distally nebulous RS1 vein of forewing (85:2); angled curvature of the RS1 vein of the forewing (86:1); and apical lobe of the aedeagus complex (147:1). The clade composed of (((Pristocera katangensis Benoit + ((Pristocera regina Benoit + (Pristocera gaullei Kieffer + Pristocera obliterata Kieffer))) was recovered as a sister group of Neodicrogenium spina Benoit. Pristocera depressa Fabricius was recovered as a sister group of Kathepyris basutoensis Benoit, and Pristocera camerunensis Benoit was recovered as a sister group of Kathepyris uelensis Benoit. For K = 3-6 (Fig. 51) , the groupings were as follows: Pristocera decellei Benoit was recovered as a sister group of Neodicrogenium spina; and Pristocera formosana was recovered as a sister group of (Kathepyris sp. 1 + Kathepyris sp. 6) according to the same characters found in the above-mentioned analyses of K = 1-2, except for (7:1) and (66:1). Moreover, Pristocera camerunensis was recovered as a sister group of Neodicrogenium superbum Benoit. The most substantial difference observed in these cladograms with K = 1-2 was Pristocera depressa, which was previously recovered as a sister group of Kathepyris basutoensis. However, in this topology, it was shown as a sister group of the two great clades that were formed. Despite this difference, the relationship of the Pristocera species with the species from the other genera remained the same.
Polyphyly of Dicrogenium, Kathepyris, Neodicrogenium and Diepyris
The other genera that comprised the ingroup were also recovered as polyphyletic. The species of Dicrogenium, Kathepyris, Neodicrogenium and Diepyris had appeared diffuse in the cladogram in all the topologies obtained by implied weighting and could be related to both the species of the same genus and to species of other genera. As examples of this last situation, the Kathepyris type species K. nyassica Kieffer was recovered as a sister group of Diepyris congoensis Benoit, and the Diepyris type species D. brunneus Benoit was recovered as a sister group of Dicrogenium bicarinatum Benoit. Additionally, the Neodicrogenium type species N. spina was recovered as a sister group of the clade (((Pristocera katangensis + ((Pristocera regina + (Pristocera obliterata + Pristocera gaullei))), and both topologies were found in the cladogram with K = 1-2. These cited configurations were not maintained for the values of K = 3-6 because some of these type species were recovered as sister group of larger clades and because N. spina was recovered as a sister group of Pristocera decellei.
Cladistic hypothesis
The cladograms generated by implied weighting allow a cladistic hypothesis that the five genera present in the ingroup form the monophyletic group B (Figs 50 and 51) , which is supported by the following set of synapomorphies: subappressed antennal pubescence (22:1); inner region of the notauli foveolate (54:1); and a hypopygium divided into two separate plates (103:0), which is an exclusive synapomorphy. In addition to these characters found in all of the cladograms obtained with values of K = 1 to 6, there are some characters present for only some K values. Thus, for K = 1-2, the following set of synapomorphies were found: head is wider than it is long (2:1); apical margin of the clypeal median lobe is slightly concave (17:0); median elevation of the metanotum narrow (67:1) ; the inner region of the pleurosternal groove scrobiculated (77:1); absence of the lateral stalk of the hypopygium (107:1); dorsal corner of the paramere with finger-like appendix (121:0); and the apical region of the digitus is crenulated (138:0). In the K = 3-6 weighting, the set of characters obtained was the following: complete extension of the median carina of the clypeus (19:0); elevation of the junction region of the propleuron evident and narrows to the prosternum (49:1); mesopleural fovea absent (74:0) ; and inner margin of the paramere concave (124:0).
Some characters that grouped the species of the genera from the ingroup had a consistency index of 1.0 and a retention index of 1.0 in all evaluated K analyses. These characters are the following: position of the spine in the gena (41); relative length of the m1 -cu vein of the forewing (96); concavity of the basal margin of the hypopygium (110); presence of an elevation on the ventral corner of the paramere (122); and presence of aedeagus threads (143). This fact is supportive of the formation of the monophyletic group B because the internal relationship of these five genera was established by some unique synapomorphies.
Discussion
Among the cladograms obtained, it is believed that those from the implied weighting analyses reflect the results better than the consensus tree under equal weighting. In accordance with Goloboff (1993) , if the data are properly weighted, the results from the implied weighting analysis should always be preferred to those from the equal weighting analysis, regardless of the results, because those trees could only be defended with the claim that all of the characters supplied equally strong evidence. However, this affirmation of equality is rejected in almost all of the published cladistic analyses because some characters have been shown to have many homoplasies. Because many of the characters addressed in this study have been shown to be homoplastic, the cladogram of equal weighting does not provide benefits to make decisions; thus, it was preferred to use those obtained from the implied weighting.
Under equal weighting, the Apenesia and Acrepyris species (clade A) were recovered together with all the species of the ingroup because they are also representative of Pristocerinae. According to Gauld (1986) , the frequent occurrences of convergent evolution, parallel evolution and reversion of character in species of parasitoid hymenoptera are the main reasons for the taxonomic intractability found in this group. Pristocerinae were reported in literature as parasitoids of Coleoptera larvae (Finnamore & Gauld 1995) and, given the previously mentioned question, clade A was possibly recovered with species from the ingroup by sharing a group of similarities. This fact provides evidence of convergent evolution of these parasitoids resulting in the use of a common host. Such topology was not found under implied weighting. Evans (1964) showed a dendrogram with the possible relationships between the genera of Pristocerinae but used the marked sexual dimorphism as a distinctive characteristic of this subfamily, given that females are wingless and males are winged. In this representation, only five genera were used, namely the following: Pseudisobrachium, Dissomphalus, Pristocera, Apenesia and Parascleroderma Kieffer. In their proposal, Pristocera appeared as a sister group of (Apenesia + Parascleroderma). Later, Sorg (1988) published what would be the first work on the Pristocerinae phylogeny; however, it was not clear which cladistic parameters were used to compose the analysis. Evans (1964) also obtained the same grouping cited above and used unique female characters to differentiate Pristocera from the other clades, which was not the rule for the remaining genera because characters from both males and females were used for some, such as Dissomphalus. Moreover, Sorg (1988) used genera as terminal taxa, which did not provide evidence to establish a monophyletic relationship for this genus or to determine how it related to the others. Among the Pristocera species chosen to complete this study, one of them was later made synonymous with Acrepyris, which could have led to erroneous interpretations at the time because two distinct species with diagnostic characteristic of the respective genera were interpreted as being one single taxon. For these reasons, and especially because our analyses were based only on males, the data from the present study differed from those from Sorg (1988) .
Pristocera and the relationships with the other genera from the ingroup
The second phylogeny hypothesis for Pristocerinae was made by Terayama (1996) , who affirmed the monophyly of the grouping ((Dicrogenium + Neodicrogenium) + Kathepyris)) due to the presence of a long and fine paramere of the genitalia with a stalk in the middle. However, it was contradictory to conclude that this state also occurred in some species of Pristocera. Similarly to Sorg (1988) , Terayama (1996) used genera as terminal taxa, which most likely made the definition of the monophyly of taxa difficult because there are species of different genera that share the same character states. In the present study, the above-cited genera were not identified as monophyletic; moreover, the paramere of the masculine genitalia was shown to be a variable structure within the same genus.
Without a cladistic basis, Benoit (1963) established a tribe within Pristocerinae, called Dicrogeniini, which grouped the Dicrogenium and Neodicrogenium genera by the presence of a spine in the gena. The results of Terayama (1996) affirmed that this character would be a synapomorphy of these two genera that was used to support this tribe as monophyletic, even though it did not agree with the establishment of the clan based only on this characteristic. The present analysis, however, showed that this character state (39:1) seems to have appeared in an independent manner, and it does not support the monophyly of these two genera. In Pristocera poirieri Terayama and Kathepyris sp. 1, a protuberance was observed in the occipital carina of the head (37:0), which is a region quite near the gena that can support a possible intermediate condition of this spine.
The Pristocera and Kathepyris genera are differentiated only by the degree of extension and conspicuity of the M and Cu1 veins of the forewings, which reach the apical margin of the wing in Kathepyris but do not in Pristocera (Kieffer, 1908; Terayama, 1996) . However, it was found that in one sample of Kathepyris, there was a variation in the vein extension, which reached the apical margin in one wing but did not in the other. This finding demonstrated how untrustworthy this character is because the vein pattern can vary within an individual. With the analysis of the cladograms of the present study, the states referring to conspicuity and extension of these veins were shown to have independent origins, both within the species of the internal and the external groups. Benoit (1982) affirmed in the description of Kathepyris that the genitalia were similar to those from Pristocera, and, as a result, it reaffirmed a possible similarity between the two genera. As discussed in the results, (Kathepyris sp. 1 + Kathepyris sp. 6) were recovered as a sister group of Pristocera formosana, indicating that these two species are possibly both examples of Pristocera. Furthermore, the Pristocera type species P. depressa was recovered as a sister group of a Kathepyris species, demonstrating the validity of the data and confirming that the two are synonymous. Benoit (1957) inferred that Diepyris was near Kathepyris and distinguished it by its mandible, which is long, not widened at the apex and bidentate, but affirmed that the hypopygium and the genitalia were identical to those of Kathepyris. According to the results, K. nyassica, the Kathepyris type species, was recovered as a sister group of Diepyris congoensis by some characters used by Benoit (1957) to differentiate the two genera, which demonstrates that these species are synonymous. Moreover, the Diepyris type species, D. brunneus, was recovered as a sister group of Dicrogenium. From the data obtained from the cladograms of the present study, it can also be observed that the mandible was not a consistent character to make Diepyris a monophyletic genus, being also recovered as polyphyletic. In Bethylidae, the number of teeth in the mandible is highly variable and was already used to define groups of species such as those found in Apenesia (see Evans, 1963) , but not to define genera. In the study by Terayama (1996) , Diepyris was not recovered as being near neither Kathepyris nor Dicrogenium, but the grouping assumed a plesiotypical position in the compound cladogram of the grouping (((Diepyris + ((Prosapenesia + (Afgoiogfa Argaman + Parascleroderma))). Although not all of the genera indicated in the clade were studied, the clade was supported by a single synapomorphy, the absence of a metacarpus in the forewing. This fact was not observed in the present study, as some Diepyris species possess this vein. Furthermore, Prosapenesia was never recovered as being near Diepyris, and it remained an outgroup. Finnamore & Gauld (1995) synonymized all of the species of Apenesia with Pristocera without providing any justification. According to Terayama (1996) , Apenesia would be a monophyletic group supported only by the presence of a divided cusp in the ventral and dorsal branch, and it was not recovered near Pristocera. In the sampling made in the present study, Apenesia was recovered as a paraphyletic genus and was separated into two distinct groupings, as follows: the grouping composed of the species (Apenesia minor + (A. triloba + A. acuta)) and the one composed of the species (Apenesia elongata + A. distincta). Those of the first clade corresponded to the species that were part of distinct genera such as Cleistepyris Kieffer (Apenesia minor) and Neopristocera Benoit (Apenesia triloba and A. acuta), which possess a concave paramere (130:1) and were later synonymized as Apenesia by Evans (1963) . The species represented in the second clade are in compliance with the Neotropical species of Apenesia, which possess a cusp divided into ventral and dorsal branches (139:1). In the present study, the existence of synapomorphies that maintain these two clades separate demonstrated a possible synonymization error due to the species that were later synonymized as Apenesia because they had peculiar characters that conferred identity to the previously existing genera. It is important to show that the species from the first clade were only selected for the present analysis because they have interesting characters in the hypopygium, which at first gave the impression of the hypopygium being divided. A more detailed study showed that this hypopygium was not completely divided but had an invagination in the median region that was often less sclerotized than the other parts. Despite these conclusions about Apenesia, it is necessary for the relationships of this genus to be further investigated.
Pristocera and the relationship with Apenesia and Acrepyris
Acrepyris and Pristocera were treated as a subgenus by Evans (1963) and Yasumatsu (1955) . Terayama (1996) separated them using the following characters: erect setae in the antenna, which were present in Pristocera and absent in Acrepyris; a hypopygium divided into two plates in Pristocera and consisting of a single plate in Acrepyris; and an aedeagus divided into three valves in Acrepyris and a simple one in Pristocera. The results of the present study corroborate the hypotheses of Terayama because these genera are kept separate mainly due to the characters related to the hypopygium and aedeagus, which are shown as being exclusive. With regard to the presence or absence of erect setae in the antenna, this character was homoplastic and did not consist of a synapomorphy for these taxa. Terayama & Yamane (1998) also questioned the relationships of Apenesia and Acrepyris with Pristocera. In addition, they noted that the divided hypopygium in Pristocera suggests that it is closely related with the African genera Kathepyris, Dicrogenium, Neodicrogenium and Diepyris instead of Apenesia and Acrepyris. In this study, it was possible to confirm this assumption cladistically, which had not been performed yet because the divided hypopygium, together with other characters, supported the clade that unites these five genera in one clade.
Hypothesis for the evolution of the divided hypopygium
The study of the hypopygium was weak and was not much discussed by morphologists, which hindered its understanding, particularly with respect to the terms that should be used to designate the parts of this structure and the homology hypothesis that can be made between taxa. In reality, this structure has been shown to be valuable in the recognition of species and the delimitation of taxa, especially in the Bethylidae Systematics, e.g., in Pseudisobrachium (see Gobbi & Azevedo 2010) . In the present work, the following four hypopygium patterns were found: divided into two separate plates; not divided and forming a single plate; single plate with an invaginated median region; and a single plate with an invaginated median region and less sclerotized. These observations suggest a possible branched transformation series in which the 'single plate' form (more common), which is present in the majority of the Pristocerinae genera and some Bethylinae genera, would be plesiomorphic. The 'single plate invaginated medial region', 'single plate invaginated medial region and less sclerotized' and 'two separate plates' would be apomorphic conditions. However, there is no information to infer the transformation series between the aforementioned single plate apomorphic conditions present in A. minor, A. triloba and A. acuta. The divided hypopygium condition, in addition to being present only in Pristocera and the related genera, also suggests a reduction of the median stalk, which is always short for those that have this state, but may be long for those that have a single plate. Additionally, the lateral stalk, which is absent in taxa with a divided hypopygium, is usually present in those that have a single plate.
These observations had never been raised, and, as shown by the topologies obtained from the cladograms, the characters referring to the hypopygium are shown to be relevant for the junction of the genera that are always found in the literature as being related to Pristocera, which confirms the use of this structure to validate the monophyly of this group. Thus, a hypopygium that is divided into two parts, which has been shown to be valid for the determination of the Bethylidae genera, can be important in grouping these five genera into a monophyletic group.
Taxonomy
Pristocera Klug
Pristocera Klug, 1808, 2:49. Type species: Bethylus depressus Fabricius. Assignment by monotype.
Dicrogenium Stadelmann, 1894, 20:199-201 . Type species: Pristocera rosmarus Stadelmann. Assignment subsequent to Masi, 1939, 3:44 . Syn.n.
Kathepyris Kieffer, 1907 Kieffer, (1906 
Redefinition
Pristocerinae wasps in which the hypopygium of the males is divided into two parts, splitting far beyond the lateral bases of the parameres.
Diagnosis
Males. 5 to 25 mm in length. Winged. Generally polished. Head wider than long; generally black, occasionally orange. Mandible sickle-shaped or roughly triangular; long or very long; number of teeth on apical margin varies from two to five; margin of the clypeus apically slightly concave; median carina of clypeus complete. Spine in the region of the gena present or absent. Antennal pubescence subappressed. Robust, body usually black; appendages ranging from brown to light brown. Well-defined pronotal collar; accentuated pronotal declivity; anterior margin of pronotal disc usually carinate. Propleuron junction region elevated triangularly and extending to the prosternum. Notaulus present; internal region of the notaulus is foveolate. Medium rise of the metanotum narrow; metanotal groove with several fovea. Mesopleural callus can be present or absent; mesopleural fovea absent. Internal pleurosternal groove is sculptured. Forewing with M and Cu1 vein generally present. Hypopygium divided into two separate plates; median stalk short; lateral connecting stalks absent; inner margins of the hypopygium can be parallel, convergent or divergent; basal margin of hypopygium is concave or slightly concave. Male genitalia have a quadrangular shape; paramere can apically be wide and truncated, narrow and emarginated or bilobate, with fingerlike appendages; inner margin of the paramere is concave; paramere can have a lateral tooth or be curved; callus on basivolsella present or absent; digitus generally in form of trigger and with crenulated apical region; aedeagus simple or divided into two valves; middle portion of the aedeagus is generally not excavated but can be excavated.
Females. 4.5 to 9.5 mm in length. Apterous. Mandible with two to four teeth. Palpal formula 6:3. Eye large, usually composed of more than 15 facets. Propodeal constriction strong; maximum width of the propodeum is at least two times the minimal width of constriction. Probasitarsus non-bending.
Distribution
Old World (Afrotropical, Palaearctic and Oriental region).
Remarks
The diagnosis of the males was obtained from the analyses completed in the present study. Because records about the females do not exist in the literature of the other genera, the descriptions of Pristocera females cited in the literature were used (Benoit 1963; Terayama 2003; Lanes & Azevedo 2007) because no specimens of this sex were studied.
Based on the results, it was observed that the species of the genera defined as ingroup obtained diffuse positions in the cladograms and were not grouped according to the current taxonomical delimitations. The finding that virtually all the type species of the genera were recovered as closely related to species from other genera conferred a greater robustness to the data with regard to all the genera that compose the ingroup as being a single clade.
In this study, the concept of Pristocera was reviewed and it was proposed that all genera that possess a divided hypopygium, such as Kathepyris, Dicrogenium, Neodicrogenium and Diepyris, are considered to be junior synonyms of Pristocera, which is the genus that has the oldest name among the five. Consequently, their species were transferred to Pristocera (Table 10) , which increases the total number of species from 85 to 124.
